Introduction and literature review
Limited business resources and a fierce market competition require quality management which considers stakeholders' needs. For every production company important stakeholders are suppliers of components embedded in the final product. The selection of suppliers of product components plays a very important role in the realization of the production process. Supplier selection is a multi-criteria decision-making problem which often consists of qualitative metrics. Many authors presented different approaches in supplier selection. Variants of the integrated QFD (quality function deployment) methods (Ju & Hwang, 2004 ) have been used in selecting and ranking suppliers. For example, a supplier selection methodology based on QFD and data mining technique has been proposed (Ni et al., 2007) . Many researchers have proposed the introduction of fuzzy numbers in the QFD approach for the supplier selection process (Bevilacqua et al., 2006) . Gencer & Gurpinar (2007) proposed a model for usage of an analytic network process (ANP) in supplier selection. & (2009) published a paper about the Internet service provider selection, using fuzzy numbers in combination with the QFD method. Kilincci & Onal (2011) presented one supplier selection problem of a washing machine company in Turkey that used a fuzzy analytic hierarchy process (AHP) methodology. Zouggari & Benyoucef (2012) presented an approach for the supplier selection problem, using the fuzzy TOPSIS (Technique for Order of Preference by Similarity to Ideal Solution) technique.
Many papers present separated integrated fuzzy AHP and fuzzy QFD approaches, but there are only several papers which present integrated QFD and fuzzy AHP approaches as one technique. To the best of our knowledge, no selection of suppliers of electronic components using integrated QFD and fuzzy AHP approaches has been published up to now. One integrated QFD and fuzzy AHP approach and its application is presented in this paper. This is the first application of QFD and fuzzy AHP in a Serbian company. The detailed algorithm of application of the proposed approach is given in Chapter 3.
The proposed approach allows for an integration of requirements of different stakeholders in decision making about the supplier selection. A pilot research is conducted in one company which is a manufacturer of electronic devices.
The reminder of the paper will be organized as follows. In Chapter 2, the QFD method, the fuzzy QFD method and the fuzzy AHP approach, with their applications in available literature are described. In Chapter 3, the implemented integrated QDF and fuzzy AHP approaches are described and necessary guidelines for its practical implementation are given. In Chapter 4, a case study of implementation of the integrated QFD and fuzzy AHP approach in the selection of the electronic components supplier in one Serbian company that produces electronic devices are showcased. In Chapter 5, the result analysis, conclusions and future research proposals are described.
QFD, fuzzy and AHP approaches
The QFD method originated in 1972 in Japan, as a methodology for improving products quality in Japanese firms (Hauser & Clausing, 1988) . One of the benefits of the QFD method is that it takes into consideration the stakeholders' needs (Akao, 1990) . The process of QFD involves the construction of one or more interlinked matrices, ''Houses of Quality'' (HoQs). During the QFD process, the determination of the importance weights of stakeholders' requirements is an essential step ( & , 2003) Zadeh (1965) introduced the fuzzy set theory to deal with the uncertainty. The motivation for the use of words or sentences rather than numbers is that linguistic characterizations are less specific than numerical ones (Zadeh, 1973) . The fuzzy logic allows for decision-making with estimated values under incomplete information. The integrated fuzzy QFD approach is used in many different areas, for example, in ensuring reliability in supply chain management (Sohn & Choi, 2001 ), in evaluation in building industry (Yang et al., 2003) , in an industrial company which supplies motors for electronic appliance companies (Erol & Ferrell, 2003) The analytic hierarchy process (AHP) has been developed by Saaty (1977 Saaty ( , 1980 . The methodology tradesoff among various qualitative and quantitative factors with a scale called Saaty's ninepoint scale (Saaty, 1980 (Saaty, , 1988 (Saaty, , 2008 . In the research of literature, it is observed that the focus has been on the applications of the integrated AHP rather than the stand-alone AHP. The methods and techniques which are commonly combined with the AHP include mathematical programming, quality function deployment (QFD), meta-heuristics, the SWOT analysis, and the data envelopment analysis (DEA) (, 2008) . The fuzzy AHP approach is implemented in many different business areas, such as a strategic analysis of healthcare service quality (Buyukozkan et al., 2011) , in shipping registry selection in the Turkish maritime industry , in prioritization of attributes in target planning for automotive product development (Nepal et al., 2010) , in evaluating environmental sustainability from the perspective of the "Secured by Design" scheme (Larimian et al., 2013) , in work safety evaluation and early warning rating of hot and humid environments (Zheng et al., 2012) , in the evaluation of recreational fishing (Gao & Hailu, 2012) , in risk assessment of implementing green initiatives in the fashion supply chain , in multi-criteria supplier segmentation (Rezaei & Ortt, 2013) , in the strategic analysis of electronic service quality in healthcare industry (Buyukozkan & Cifci, 2012) 
Integrated QFD and fuzzy AHP approach
The integrated QFD and fuzzy AHP approach which is implemented in this paper includes three "Houses of Quality" (HOQs), including HOQ1 which links company stakeholders with their requirements, HoQ2 which relates stakeholder requirements to suppliers evaluating criteria, and HoQ3 which benchmarks alternative suppliers with respect to various criteria. Each pairwise comparison result in an AHP matrix or HoQ is a fuzzy number which possesses the characteristics of a triangular fuzzy membership function (Ho et al., 2012) . In the case study in this paper, the integrated QFD and fuzzy AHP approach, proposed by Ho et al. 2013) is used. We adopted a triangular fuzzy conversation scale proposed by Chang (1996) , given in Table 1 . For defuzzification, we used the central deffuzification method. (Chang, 1996) The numbers used in the comparison scale (given in Table 1 ) have the following meanings:
-1 -JUST EQUAL -Both subjects have the same significance -2 -EQUALLY IMPORTANT -Subject on the left side of the scale is equally important as the subject on the right-hand scale -3 -WEAKLY MORE IMPORTANT -Subject on the left side of the scale is weakly more important than the subject on the right-hand scale -4 -MODERATERLY MORE IMPORTANT -Subject on the left side of the scale is moderately more important than the subject on the right-hand scale -5 -STRONGLY MORE IMPORTANT -Subject on the left side of the scale is strongly more important than the subject on the right-hand scale -6 -EXTREMELY MORE IMPORTANT -Subject on the left side of the scale is extremely more important than the subject on the right-hand scale
Prior to the implementation of the method, AHP questionnaires were prepared. We made a pilot research, using the created AHP questionnaires, with answers in fuzzy numbers. We had four groups of AHP questionnaires (for prioritization of stakeholder importance, for prioritization of stakeholder requirements, for prioritization of evaluating criteria and for prioritization of alternative suppliers). For computing priorities on the basis of questionnaires, a fuzzy AHP is used. All priorities are prescribed in three HoQs. In the first step, the management team establishes the importance of stakeholders in decision-making. After that, each of the stakeholders completed one questionnaire which determined the priority of the stakeholder requirements. Afterwards, a team comprised of stakeholders completed one questionnaire, which determined the priority of the criteria for the evaluation of suppliers. And finally, again, the same team consisting of stakeholders, completed one questionnaire, which evaluates suppliers in respect of all criteria. In Figure 1 the algorithm of the implemented approach is given. 
Case study of implementation of integrated QFD and fuzzy AHP approach on selection of electronic components supplier
The company that is the subject of our case study is one Serbian enterprise that produces electronic devices and has its own research and development institute. The company's main business activities are: research & development, design, manufacturing, engineering, consulting, maintenance, technical and customer training. The company is paying great attention to the selection and evaluation of suppliers of electronic components. In accordance with the implemented and certified quality management system, the company has to evaluate potential suppliers. The integrated QFD and fuzzy AHP method allows the company to include stakeholder requirements in the process of evaluation and selection of suppliers. One possible method for evaluation and selection of suppliers of electronic components is proposed.
Stakeholders who influence the selection of suppliers are: procurement manager, marketing manager, product development manager and production manager. The structure of the AHP model is given in Figure 2 . Table 2, Table 3 and Table 4 . The first HoQ (HoQ1) represents the stakeholders involved in the selection of suppliers of electronic components, their importance in the process of selection of suppliers and stakeholder requirements. The HoQ1 allow us to compute the importance of each stakeholder's requirements, which will then be used in the HoQ2. The second HoQ (HoQ2) represents the stakeholder requirements, defined at the brainstorming session, their importance for each stakeholder and the criteria for the evaluation of suppliers (defined at the brainstorming session). The HoQ2 allow us to compute the importance of each evaluating criteria, which will be used in the next HoQ3. The third HoQ (HoQ3) represents evaluating criteria, their importance in the evaluation of suppliers, and the suppliers which will be evaluated. The HoQ3 allow us to compute the importance of each supplier. After determining all relationship importance, the importance rating of each supplier was computed in the HoQ3 as shown in Table 4 . According to the HoQ3, the performance of the supplier 3 is the best, followed by supplier 1 and supplier 2. Alternatively, the performance of suppliers can be evaluated with respect to groups of evaluation criteria (delivery conditions, management systems and warranties).
Result analysis and conclusions
In this section, we will benchmark alternative suppliers with respect to groups of evaluating criteria. Each group of criteria will be analyzed to understand which supplier is the best in respect of each group of criteria. Values of importance of suppliers given in Table 5 , Table 6 and Table 7 have been normalized. The first group of criteria is "delivery conditions", in which there are five criteria as shown in Table 5 . Supplier 3 performs the best in this category because it has discounts for customers, is adaptive to customer needs and offers a competitive price. However, this does not apply to the two criteria, which will lead to a low level of satisfaction because of lengthy delivery time and a large distance of the supplier from the company. Table 5 : Importance of suppliers with respect to group of criteria: delivery conditions
The second group of criteria is "management systems", in which there are five criteria as shown in Table 6 . Supplier 3 performs the best in this category because it has courteous staff, good packaging and transport conditions and previous customers have good experience with this supplier. However, this does not apply to the two criteria, which will lead to a low level of satisfaction because of bad experience in communication with the staff (inefficiency in communication) and a smaller number of certified management systems in comparison with supplier 2. Table 6 : Importance of suppliers with respect to group of criteria: management systems
The third group of criteria is "warranties", in which there are three criteria as shown in Table 7 . Supplier 3 and supplier 2 perform the best in this category because they are financially stable (as other suppliers), have a short and simple procedure for complaints and offer a warranty as other suppliers. Table 7 : Importance of suppliers with respect to group of criteria: warranties This paper used an integrated QFD and fuzzy AHP approach to measure the performance of suppliers of electronic components, embedded in electronic devices. A case study was presented to demonstrate how this approach can be implemented in the selection of electronic component suppliers. The integrated fuzzy AHP and QFD approach was used to translate the stakeholders' requirements into 13 evaluation criteria which were used to benchmark the suppliers and to determine the importance and weightings in the HoQs. The integrated approach involves a team of people representing various departments that have a say in the selection of electronic component suppliers: procurements, marketing, product development and production. After the implementation of the proposed approach, we can conclude that the company should select supplier 3, because it has courteous staff, good packaging and transport conditions, previous customers have good experience with this supplier, the supplier grants discounts for customers, it is adaptive to customer needs and has competitive prices, a financial stability, a short and simple procedure for complaints and grants warranty as other suppliers. The detail algorithm of application of the proposed approach is shown in Figure 1 , which allows for the reproducibility of the conducted research. The other benefit of this paper is that this is the first application of QFD and fuzzy AHP in a Serbian company. Since this is pilot research, a small sample of respondents is used, and this is the main disadvantage of this paper. A larger sample of respondents would make the findings of our paper more reliable. 
